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Development of Automatic Nutrient-Solution Controller

Using Single-chip Microcomputer
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ABSTRACT

This study was conducted to develop an automatic nutrient control system for trickle application of
nutrient solution. Temperature, electric conductivity(EC), pH and dissolved oxygen(DO) were selec-
ted as control variables. A controller using single-chip microcomputer was constructed.

An automatic control system for nutrient solution and a controller using single-chip microcomputer
with control algorithm were developed. The control system was tested, and could control temperature,
EC and pH within the error ranges of +0.2C, + 0.2mS/cm, + 0.1pH, respectively.
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Table 1. Specifications of the instruments

Measurand | Temp. pH EC DO
—
Mapo | Hanna { Hanna | Mapo
Manufact| Tech. Inst. Inst. Tech.
{Korea) | ltaly> <Italz>_'L {Korea>
0~40 | 0~14 [0~19.99] 0~30
Range T pH |mS/cm | ppm
. P 0.02
Resolution | 0.1C 0.01pH mS/cm 0.1ppm
o | 002 | £2% | 02 |
Accuracy| *+0.1C pH Fs. ppm
Sensor |Resistance! Glass |Ilmpedance| Galvanic
type type |electrode| type cell
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Fig. 1. Schematic diagram of nutrient control
system.
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Table 2. Specifications of system components

Components Specification

Diaphragm type, Black stones,
Italy, 110V, 4EA

Mixing pump |Sinhanil Electric , 101W, 110V, 1EA

Metering pump

Water supply |qa: . .
pump Sinhanil Electric , 34W, 110V, 1EA

Heater Techmiseh Co., 2 kW, 110V, 1EA
Solenoid valve|Jinyoung Electric, 110V, 1PT, 1EA
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Table 3. An example planning on supplying nu-
trient solution
Area 1000m?

4 plants/m?
117 mé/plant
supplying method |supplying 1/3, total area in rotation

Planting density

supplying amount
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Fig. 4. Unit-step responses of the temperature
control system(from 18 to 19C).

Y 4 S &E Ao) Bed 371 9
31 18C 9 AL 1T AENFE AT SEA

Fo ANE Ueld Aok, ARALT Ao
e 72} 4% 552, 0.06CE UENGT)

L 2 SE(EC) Mo

2Y 58 AT T AojAEY ATST A
H AFHE G Rolth AYo) ALRE FEu)
FEL FEXETH YANER EvtES 7319
2] 5008 FE5AE AHEERLeN, B TFYL
ArYe 2 AH e FEES AMS- 3 243
QY. % AA gl 1.3mS/cmY =, BAHARY
L 48 13%, Ao 23+ 003 mS/cm 2 VEME

1.2 t
-4 Seming lima 253 oec id
18y Zrror 0.03 mSiam | I A
144 G
£ ;
& o v dn
2.5 8
y.d
O.a/
027] ...............
03 & oo 160 200 20 a0 &0 40
Tima {sac)
Fig. 5. Unit-step responses of the EC control
system(from 0.2 to 1.3 mS/cm) .
C}, oY ME(pH) H[Of
7.5
7.3
Sattling uma 73 eac |
71 Zrror 0.08pH |
57
seu : - ,
) 2 0 W 0 S0 Q¢ 80 50 0

Tirma {586}
Fig. 6. Unit-step responses of the of pH control
system{from 6.0 pH to 6.9 pH).



0O (ppnY)

A% solAz AFHE 08T B A% A FA Y MY

FAzA FHYG Bx Aol GF AFAME
AHEE A e §9024 2 3H(H,
S0,), #4t3t LEE(NaOH) 0.1IM 5= &4&
Arg-shdch '

O 62 AR AHojAl AGSHAE ARE
Yepd Flojc} AR 1& 19%, Ao &4
¥ 008 pHE gyt

2t o EEH22(D0)

2Y 7 ¥ & 18CoN EF EEE F
FAZE W, g e &2 HSHE Y
W Rolch, &AL Fe] Frtate] 18T A <
e TR EALF mEstedel o4 £ol
285U

Saturanon |

hd B T

i tomparature 15 aegres|

Tima (ran}

Fig. 7. Unit-step responses of the DO control
system({from 4.2 to 9.7 ppm).

5. B A #554

2 A7E AFUAE P FERA A9

Mg 2Hez syssien 1 doe e
% 2,

Folo] L% 4%, FE(AIAES), $24
£BE AZ, AT F A FAE T8,

Qe el 2AY HF fol4L nH

o YR oz HREHE ol& e Y =4
P& TEENE ARALT, ¥E AL =
ZEOE AP

MEE FA ZAZA ] BeAldE AT
Az Fde &% BT AEE 47 + 027, +
0.2mS/cm, + 0.1pHS] 23+ ¢ o)A Aol
pra=s

6.2 %X &

1. $83 9. 1993 A9 AE3, BT

2. 242.1995. ¥4 AF =4 YA 4L FHEF
& T2 Pl Nd, Aguisty A4} g
9 =&,

3. HIE A 4o AFE . 1988 EXE
o A3t

4. FE3.1990. FEALL 43S Y By
$3AE A" A, Medgtn A4}
9 ='

5. A B 1997. @EWRIEEIE AM. 4 — LRt

6. Shim, Kyu Don. 1992. Development of a fu-
lly-controlled plant growth system. M.S.
thesis, Seoul National University.

—389—



